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We have found t h a t  the  measured d a t a  on t h e  degree 
of anisotropy of cosmic rays a r e  c o n s i s t e n t  w i t h  
our  proposed nonuniform g a l a c t i c  d i s k  model. Moreover, 
we po in t  out  t h a t  t h e  abrupt  increasjg o f  t h e  
anisotropy of cosmic rays beyond 10 eV should 
imply a change of t h e i r  mass composition. 
It  appears tP$t a n e a r l y  constant  degree o f  an i so t ropy  of cosmic 
rays  ( d )  below 10 eV is  i n  c o n f l i c t  with t h e  usua l  leaky box model(1).  
Thus i t  i s  i n t e r e s t i n g  t o  examine t h e  cosmic-ray an i so t ropy  c a l c u l a t i o n  
i n  our proposed nonuniform g a l a c t i c  d i s k  (NUGD) model(2).  
I n  t h e  NUGD model t h e  observed s value should be c h a r a c t e r i s t i c  of 
the  magnetic tube (Box 1 i n  F ig .  1 of OG 7.2-101, because t h e  s o l a r  
system i s  assumed t o  be loca ted  i n s i d e  it. Along t h e  magnetic tube 
cosmic-ray protons should p resen t  a streaming motion. It is  adequate t o  
desc r ibe  t h i s  motion by using a one-dimensional s l a b  model 
where N i s  t h e  proton i n t e n s i t y  i n  Box 1, x i s  t h e  pathlength  
t rave l lEd  by cpsmic rays  along t h e  magnetic t&be, E is  t h e  t o t a l  energy 
of a proton,  A i s  t h e  mean i n e l a s t i c  i n t e r a c t i o n  l&ngth of i n t e r s t e l l a r  
protons and dN /dE = 1/ E' i s  t h e  energy d i s t r i b u t i o n  of protons 
a f t e r  t h e i r  i n e l a s t i g  i n t g r a c t i o n g  with t h e  i n t e r s t e l l a r  rnedium(1~M). A t  
high energ ies  the  d i f f u s i v e  motion approximation of cosmic rays  means 
where = / ( I -  1/ Y ) and r i s  t h e  d i f f e r e n t i a l  s p e c t r a l  exponent 
of t h e  high-&nergy proFon specErum. Hence i n  t h e  s o l a r  neighbourhood 
t h e  proton i n t e n s i t y  N should be DIS 
w h y ~ e  NpOa i s  the  i n i t i a l  va lue  o f  N and x = 0 .4  1i ( 4 ) .  For E 3 01s 10 eV t e mean g r a d i e n t  of cosmic B ~ S  along t h e  magn%tic tube i s  P 
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where 1 is  t h e  d i s t a n c e  along t h e  magnetic tube  between t h e  H cloud 
s  2 
region and t h e  s o l a r  system. Under t h e  d i f f u s i v e  motion approximation 
of cosmic rays  we a l s o  have 
where KI is  t h e  d i f f u s i o n  c o e f f i c i e n t  of cosmic rays  i n  Box I and T: is  
t h e  t r a n s i t  time t o  reach t h e  s o l a r  neighbourhood. Since  I s  
where m is  t h e  proton mass, i i s  t h e  mean hydrogen atom d e n s i t y  of  t h e  I ISM i n  Box I and c  is t h e  v e l o c i t y  of  l i g h t ,  we can g e t  
and the  degree of  an i so t ropy  of  cosmic rays (5 )  
It i s  i n t e r e s t i n g  t o  no te  t h a t  i n  Eq .  ( 9 )  t h e  i n c r e a s e  of  t h e  cosmic- 
r a y  d i f f u s i o n  c o e f f i c i e n t  wi th  energy is  j u s t  compensated f o r  by t h e  
oppos i t e  v a r i a t i o n  of t h e  cosmic-ray i n t e n s i t y  g r a d i e n t ,  s o  t h a t  a  n e a r l y  
constant  6 va iue  should be obta 'ned.  I n  Fig .  1  t h e  p r e d i c t e d  S curves 
a r e  based on ii ~ 1 . 2  H at-omscm -3 
I Lfi and the  va lue  o f  I' suggested i n  Ref.  (7). An a d d i t o n a l  i n c r e a s e  o f  A is  included t o  t akg  t h e  c o n t r i b u t i o n  
of heavy n u c l e i  i n  the  ISM i n t o  Pccount. From F ig .  1  t h e  s c a t t e r i n g  of  
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where 1 is the distance along the magnetic tube between the H2.clo~d 
region ~nd the solar system. Under the diffusive motion approx~mat~on 
of cosmic rays we also have 
where KI is the diffusion coefficient of cosmic rays in Box I and TIs is 
the transit time to reach the solar neighbourhood. Since 
~IS = xIS / (mpulc), (6) 
where m is the proton mass, uI is the mean hydrogen atom density of the 
ISM in Rox I and c is the velocity of light, we can get 
and the 
m ul cl 2 /(2xI ) , P s s 
degree of anisotropy 
3)(..1 1 dN I J=--~ 
c NpI dl I 
of cosmic 




It is interesting to note that in Eq. (9) the increase of the cosmic-
ray diffusion coefficient with energy is just compensated for by the 
opposite variation of the cosmic-ray intensity gradient, so that a nearly 
constant S value should be obta~ned. In Fig. 1 the predicted S curves 
are based on ill =1.2 H atomscm- (6£ and the value of ).~ suggested in Ref. 
(7). An additonal increase of Aat is included to tak~ the contribution 
of heavy nuclei in the ISM into ~ccount. From Fig. 1 the scattering of 
1 values estimated from various data is found to be within =± 1 kpc. 
s 
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However, i t  should be  emphasized 2 4 d  210' 180' 150' 120m 
t h a t  except  the  datum denoted by 
a  s t a r ( 8 )  t h e  measured d a t a  
c o l l e c t e d  i n  Ref. ( 9 )  and shown 
i n  F ig .  1 do not  r e f e r  t o g i t s e l f .  
Thus by normal iz ing our  p r e d i c t e d  270* 90' 
curve t o  t h e  s t a r  we f i n a l l y  
o b t a i n  1 = 5 f l  kpc. F u r t h e r ,  
S the  measured d a t a  shown i n  F i g . 1  
indeed show a  s l i - g h t l y  i n c r e a s i n g  
t r end ,  which should be t h e  f i r s t  300' 6 0' 
astronomical  evidence of  t h e  
r i s i n g  of t h e  p-p i n e l a s t i c  
i n t e r a c t i o n  c ross  s e c t i o n  w i t h  
i n c r e a s i n g  energy i n  t h e  context  
of t h e  NUGD model. 
From our  deduced 1 va lue  we 
S 
can e s t i m a t e  t h e  as t ronomical  
coun te rpa r t  of our  model e lements .  330a 3 0' 
I n  F ig .  2 t h e  geometr ica l  
r e l a t i o n s h i p  between t h e  H2 cloud 
r i n g  ( t h e  r a d i a l l y  hatched reg ion)  0' Fig .  2 
and t h e  l a rge - sca le  i n t e r s t e l l a r  
magnetic f i e l d  ( t h e  s p i r a l l y  s o l i d  l i n e s )  i s  shown. A s  t h e  r e v e r s a l  of  
f i e l d  d i r e c t i o n  occurs  between t h e  Orion arm and t h e  S a g i t t a r i u s  arm, a  
n e u t r a l  l i n e  should e x i s t  between both arms. The e x i s t e n c e  of  a  n e u t r a l  
l i n e  should  o b s t r u c t  t h e  exchange o f  cosmic-ray p a r t i c l e s  between two 
ad jacen t  arms. A s  a  r e s u l t ,  i n  t h e  H cloud r i n g  on ly  from a  narrow 2 
region e x t e r i o r  t o  t h e  S a g i t t a r i u s  arm ( t h e  reg ion  I1 i n  ~ i g . 2 )  cosmic- 
r ay  p a r t i c l e s  can s t ream along t h e  Orion arm t o  reach t h e  s o l a r  
neighbourhood. 
Actual ly ,  i n  our  model p i c t u r e  each smal l  r eg ion  i n c l u d i n g  a  dense 
H2 cloud and i t s  magne t i ca l ly  connected surrounding gas may be  viewed a s  
a  coherent  e n t i t y  which i s  c a l l e d  a s  a  c e l l ( l 0 ) .  A l l  t h e  magne t i ca l ly  - 
connected c e l l s  form a  subtube and a l l  subtubes form t h e  magnetic t u b e .  
I n  view of t h e  f l u c t u a t i o n  o f  i n t e r s t e l l a r  magnetic f i e l d  t h e  d i r e c t i o n  
of t h e  subtube,  i n  which t h e  s o l a r  system i s  l o c a t e d ,  may be  d i f f e r e n t  
from t h e  genera l  d i r e c t i o n  o f  t h e  Orion arm. Thus t h e  measured v a l u e  of  P 
t h e  maximum phase f o r  t h e  1 s t  harmonics of  cosmic-ray i n t e n s i t y  v a r i a t i o n  
may be understood.  
I t  i s  n o t i c e a b l e  t h a t  i n  o r d e r  t o  avoid a f f e c t i n g  t h e  s p e c t r a l  shape 
of heavy n u c l e i ,  t h e  NUGD model r e q u i r e s  an assumptkon t h a t  i n  t h e  
d i s t a n t  component of cosmic rays  t h e r e  should e x i s t  a  s e r i o u s  d e f i c i t  of 
heavy n u c l e i .  Ac tua l ly ,  s i m i l a r  assumptions a l s o  appear  i n  many o t h e r  
double-component models of cosmic-ray ~ r o p a g a t i o n .  However, i n  our  model 
t h e  d e f i c i t  should occur i n  t h e  p r e a c c e l e r a t i o n  s t a g e  of  cosmic rays  ( - 
e .g . ,  by an unfavourable p r e a c c e l e r a t i o n  cond i t ion  f o r  heavy n u c l e i  i n  
t h e i r  a c c e l e r a t i b n  s i t e s  above t h e  H cloud r e g i o n ) .  Thus t h e  observed 2 heavy n u c l e i  of cosmic rays  should  be of l o c a l  o r i g i n .  Moreover, from 
an a n a l y s i s  of t h e  high-energy e l e c t r o n  spectrum(4) i t  is  found t h a t  
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Consequently, i n  t h e  sample of 
l o c a l l y  produced cosmic rays  the  
- 
abudances of heavy n u c l e i  
r e l a t i v e  t o  protons  must be 
- 
higher  the  d i r e c t l y  observed 
values  by a f a c t o r  of 20. The - 
assumed r e l a t i v e  abudances of 
cosmic-ray n u c l e i  i n  the  sample - s - - 
- 
of  l o c a l l y  produced cosmic rays . - 3 ro- a r e  shown i n  F i g .  3 a s  t h e  
h o r i z o n t a l  l i n e s .  I n  F ig .  1 we z. 
have noted t h a t  an abrupt  .-  
i n c r e a s e  of t h e  degree of  
anisotropy40f cosmic rays  occurs 
beyond 10 eV. Here we t r y  t o  
a t t r i b u t e  t h i s  inc rease  t o  t h e  
f a i l u r e  of our  NUGD model due A 
11'' Isc= 
t o  the  i n s u f f i c i e n t  confinement 11" ENIW pw nmclmns (aV) 
of cosmic rays  a t  very  high- Fig .  3 
energ ies .  Therefore ,  a t  ve ry  
high energ ies  t h e  l o c a l l y  produced cosmic rays would f i l l  t h e  i n t e n s i t y  
vacancy l e f t  by t h e  d i s t a n t  component of cosmic r a y s .  As a r e s u l t ,  t h e  
observed abudances of cosmic-ray n u c l e i  should approach t o  t h e  l o c a l  
abudances shown i n  Fig .  3.  I n  view of  t h e  s i t u a t i o n  t h a t  above 2x10 15 
eV the  dominant c o n t r i b u t i o n  t o  the  observed cosmic rays  may come from 
one s i n g l e  source ,  t h e s e  abudaces may never be reached.  Never theless ,  
a v a r i a t i o n  of  cosmic-ray mass composition wi th  i n c r e a f 3 d  c o n t r i b u t i o n  
of heavy n u c l e i  should be  expected t o  happen around 10 eV. 
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